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Advisor: Professor Augusto Rodriguez 
Thesis dated December 2004 
Silylated propargylic alcohols were prepared by the addition of 
trimethylsilylacetylene to the corresponding ketones. Non-silylated alcohols were 
obtained from the silylated species by deprotection of the silyl-group with potassium 
carbonate in methanol. The reduction of these alcohols with 
trimethylsilylchoride/potassium iodide in acetonitrile was investigated. 
The reduction of silylated diaryl propargylic alcohols gave allylsilanes as the 
major product when six equivalents of trimethylsilylchoride/potassium iodide in 
acetonitrile/hexane and long reaction times were employed. The propargylic alcohols 
derived from fluorenone; benzophenone, o-dichloro-benzophenone and acetophenone 
could be converted to the corresponding allylsilanes in good yields (54-90%). At shorter 
reaction times, aliénés were isolated. For propargylic alcohols derived from aromatic 
aldehydes, aliénés were the major products with yields ranging from 43 to 78 percent. 
The behavior of non-silylated propargylic alcohols was also investigated. 
Reduced dimerization products and alkanes were obtained. 
1 
Several mechanistic studies were conducted to determine the source of hydrogen 
for the reduction. For these reductions, it was determined that acetonitrile, hexane and 
water were not the source of hydrogen atoms. Pyridine proved to inhibit the reaction. 
2 
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STATEMENT OF THE PROBLEM 
The selective formation of carbon-carbon bonds is one of the major objectives of 
synthetic organic chemists. Many reagents are available to achieve this objective, and by 
selecting a sequence of suitable reagents a skilled chemist can form a variety of bonds 
selectively and construct complex molecules with certain biological or chemical 
properties. To achieve the construction of complex molecules, it is important for the 
organic chemist to be able to choose from a variety of reagents for each bond formation 
or chemical transformation. This makes it possible to select a suitable set of conditions 
that transform one part of the molecule while leaving the remainder untouched. 
The fonnation of carbon-carbon bonds is often achieved by the reaction of a 
suitable carbon nucleophile with an electrophile. Allylsilanes are valuable carbon 
nucleophiles that possess several favorable traits. They are relatively stable and can often 
be isolated, purified and stored on the bench top before use. They are easy to handle and 
environmentally friendly. Another advantage of allylsilanes is that they are fairly inert 
and only react in the presence of an activator. When activated, allylsilanes react with a 
large number of electrophiles for example alkyl halides, acyl halides, ketones and 
epoxides. For these reasons, the importance of allylsilanes has constantly increased 
within the last decades, and many examples of their application in medicinal chemistry 
and natural product syntheses have been reported. 
In spite of all these favorable traits, there are not many selective and convenient 
1 
ways to synthesize allylsilanes. Many of the synthetic routes suffer from low yields or 
involve the use of toxic or expensive reagents. New methods for the preparation of 
allylsilanes are therefore of interest to synthetic chemists in many areas. A synthetic 
method based on the reduction of silylated propargylic alcohols with 
trimethylsilylchloride/potassium iodide in acetonitrile is illustrated in Scheme 1. The 
versatility of this method is investigated in this thesis. 









The combination of reagents trimethylsilylchloride/sodium iodide/acetonitrile is 
attractive due to its low cost and environmental friendliness. It has been used to reduce 
benzylic alcohols to alkanes, and in some cases activated alkenes have also been reduced 
to the corresponding alkanes. Because of these known reducing properties, the 
application of trimethylsilylchloride/sodium iodide/acetonitrile for the formation of 
aliénés from propargylic alcohols was envisioned. Although this transformation can be 
accomplished with hydride reagents, it has not been described with the mild reducing 
agent described above. During the investigations, it was found that allylsilanes as well as 
silylallenes can be formed when silylated propargylic alcohols are treated with this 
reagent, depending on the reaction conditions. Optimization of the reaction conditions to 
selectively form allylsilanes or silylallenes in good yields is described in this thesis. 
CHAPTER 2 
REVIEW OF PERTINENT LITERATURE 
2.1 AUylsilanes 
2.1.1 Preparation 
Several methods are now available for the preparation of allylsilanes.1'3 The most 
important ones are the silylation of allyl-metal species, Wittig condensation/olefination of 
carbonyl compounds, reductive elimination of sulfonated silanes, Diels-Alder 
cycloaddition and reductive silylation. These will now be discussed. 
2.1.1.1 Silylation of Allyl-Metal Species 
This is one of the simplest and most direct routes to allylsilanes.4 Allyl-metal 
species 1 are silylated with a silylhalide to give allylsilanes 2 in good yields. 
R3SiX 





M = MgX, Li..., X = Hal 
In some cases, regioselectivity is a problem and separation of the required isomer 
can be difficult. For example, the conversion of halide 3 occurs with the formation of 
regioisomers 4, 5 and 6 in 75%, 15% and 10%> yields, respectively. 
3 




However, if the desired isomer is thermodynamically favored, then fluoride ion 
promoted isomerization can prove to be of great value. For example, in the case cited 
above, isomer 6 is the most stable, and the mixture can be converted quantitatively into 6 
by heating in the presence of catalytic amounts of fluoride ion. 
nBu4F 
100 °C, 25h 
4 5 6 6 
-/^/^SiMe3 
2.1.1.2 Wittig Condensation/Olefmation 
Seyferth has described a flexible, relatively straightforward route to a wide variety 
of allylsilanes, using homologous Wittig reagents.3 Various carbonyl compounds can be 
transformed into the corresponding allylsilanes in yields between 38% and 85% and E:Z 





2.1.1.3 Reductive Elimination 
Shechter has developed a method to prepare allylsilanes via sodium mercury 
reduction of silylsulfones 14 as illustrated below.5 Silylsulfones 14 result from the 
reaction of anion 13 with several ketones and aldehydes. Anion 13 is formed from 
benzenesulfonyl-2-trimethylsilylethane 12 and base. 
5 
Benzenesulfonyl-2- 
trimethylsilylethane 12 is prepared by the addition of thiophenol to vinylsilane 10 in the 
presence of AIBN and oxidation of the resulting trimethylsilyl-2-thiophenoxyethane. 






















2.1.1.4 Diels-Alder Cycloaddition 
Cyclic allylsilanes can be prepared by Diels-Alder cycloaddition using terminal 
silylated 1,3-butadienes as Diels-Alder dienes. The silyl group has little directing 
influence on the orientation of the cycloaddition and product regioselectivity with 
unsymmetrical dienophiles is controlled by other substituents on the diene.3 Such lack of 
regioselectivity is not without value. Since the trimethylsilyl group has such 




a weak directing effect, other substituents on the diene can act as directing groups without 
being influenced in their directing effect. 
>lM63 C02Me 
21 22 
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I J 85% 
SiMe3 
27 
Calas, Dunogues and coworkers have reported many examples of reductive 
silylations using chlorosilane/metal systems.5'6 Dienes 24 can be bis-silylated to yield 
bis-silanes 25 using magnesium and trimethylsilylchloride. Aromatic ring systems can 
undergo a similar process, as can aliéné. Benzene has been effectively reduced to yield 
bis-silylated cyclohexadiene 27. Another example is the reaction of aliéné 28 to 2,3-bis- 
trimethylsilylcyclononane 29. Yields range between 60% and 86% with E:Z ratios 
between 40:60 and 65:35. 
Me3SiCI 
SiMe3 75% J 
29 
2.1.2 Reactions 
Allylsilanes, being homologues of vinylsilanes undergo similar regiocontrolled 
electrophilic reactions. The electrophile attacks the y-carbon of the allylsilane 30 to 
induce positive charge development at the p-carbon, forming a p-silyl carbonium ion 
intermediate. This intermediate loses the silyl group to form the final product 32, a 
substitution product with a shifted double bond. In certain reactions, particularly [2+2] 






The relative reactivity of allyl- versus vinylsilanes towards electrophiles has not 
been established. However, with silanes that are both vinylic and allylic such as 34, 
allysilyl reactivity takes precedence over vinylsilyl. In the case of 34, another allylsilane 
o 
is formed that then reacts further to give a bis-sulfonated alkene 36. This suggests that 
allylsilanes are more reactive towards electrophiles than vinylsilanes. 
8 
Me3SK^SiMe3 
CIS(^SiMe3 ^ —9Ê9ê^ /-S03SiMe3 
0-5 °C S03SiMe3 0-5 °C M^SiO^—' 
34 35 36 
The reactions of allylsilanes with some electrophiles are summarized in Scheme 2. As 
shown, a wide variety of electrophiles can be reacted with allylsilanes. These reactions 
are usually catalyzed by Lewis acids. The Lewis acids enhance the reactivity by 
increasing the electrophilicity of the organic reagent. The reactions often show 
considerable chemo- and stereoselectivity that is in some cases dependent upon the Lewis 
acid used.9 
For example, p-keto acetals react selectively at the acetal carbon regardless of the 
Lewis acid used. The reaction of aluminum(III)chloride with a-keto acetals induces 
9 
attack at the carbonyl carbon while titanium(IV)chloride activates both sites to the same 
extent. Enones generally undergo 1,4-addition selectively. 
An alternative to Lewis acid catalysis is treatment of the allylsilane with fluoride 
ion. This reaction generates an allyl anion or its equivalent. Allyl anions generated in 
this manner exhibit considerable chemoselectivity. Aldehydes are attacked in preference 




In contrast to the Lewis acid catalyzed reactions, the net double bond shift is not a 
mechanistic requirement, and substitution occurs regioselectively at the less substituted 
end of the allyl chain. Compounds 39 are the major products, although the degree of 
regioselectivity varies. 
2.2 Propargylic Alcohols 
2.2.1 Reactions of Propargylic Alcohols 
2.2.1.1 Rearrangement/Reduction to form Aliénés 
Probably the most widely used application of propargylic alcohols and their 
derivatives is the rearrangement/reduction to form aliénés. The reactions are generally 
10 
carried out with propargylic alcohols, esters or halides and proceed mostly via SN2' 
reaction or through organometallic intermediates. In the presence of a strong base, such 
as an organometallic reagent, the reaction can also proceed through a carbenoid species 
generated by a-elimination. A possible side reaction is a direct S^-displacement in 
which propargylic derivative 44 reacts to give alkyne 45 as shown in Scheme 3. Most 
transformations are performed by addition of either Grignard reagents or organocuprates 
to the corresponding acetylenes. The action of an alkylmagnesium halide on a tertiary 
propargyl chloride in the absence of a transition metal affords mixtures of aliénés 43 and 
alkynes 45 along with varying amounts of 1,3-dienes. If the reaction is performed in 
refluxing ether, the aliéné is produced as a minor component of the mixture while the 
acetylene, the primary product, accounts for as much as 75% of the mixture. 
Scheme 3. SN2 and SN2' Reactions 
SN2': 
RI / 







Lowering the temperature to 0° C shifts the distribution in favor of the aliéné, but 
acetylene still forms in significant quantities (up to 40%). The aliéné content of the 
11 
mixture can be increased by the addition of certain metals or their salts. The catalytic 
efficiency decreases in the sequence Fe>Co>Ni>Cu. The transition metal catalysis is 
believed to go through a catalytic cycle that starts with oxidative addition of the metal 
into the carbon-halogen bond. Because the added metal catalyst can be reduced by the 
Grignard reagent or oxidized by the alkyl halide, the oxidation state of the added metal 
catalyst is not important. 
In a high-yielding reaction, propargylic alcohols can be converted directly into 
aliénés in a one-pot procedure by sequential treatment with l-ethyl-2-fluoro-4,6- 
dimethylpyridinium tetrafluoroborate followed by a Grignard reagent in the presence of a 
12 
catalytic amounts of copper(I) iodide. Primary, secondary, or tertiary Grignard reagents 
are acceptable and afford acetylene-free aliénés in 77%-99% yields. 
Organocopper reagents are extremely versatile in 1,3-substitution reactions of 
propargylic substrates. In addition to the desired aliénés 47, a nonalkylated or “reduced” 
aliéné 48 is sometimes formed and can amount to as much as 50%. Crabbe has suggested 
13 
the copper(III) intermediate 49 as a likely precursor to aliénés 47 and 48. 
In separate reports, both Landor and Pasto postulate a rt-complex such as 50 as 
12 
an alternate transition state leading to the formation of 47. Temperature seems to be an 
important factor in controlling the product distribution. Reaction temperatures between - 
10 °C and +22 °C favor the 1,2-shift and give 47 with less than 5% contamination of 48. 
The "reduced" aliénés can be preferentially formed by performing the reaction at -50 °C 
then quenching with IN HCI at -75 °C.14 
2.2.1.2 Dehydrations to form Ene-vnes 
The 3-ene-l-yne functionality is found in a variety of natural products and is also 
useful as a precursor in natural product synthesis. It has been constructed by various 
synthetic methods.1"^ One way is via the dehydration of propargylic alcohols. One 
example carried out in our laboratory is the dehydration of alcohol 51 with POCI3 
affording the corresponding ene-yne 52 in 89% yield. 
,SiMe3 
f POCI3 ^ 
pyridine 
Y\ 89% Y\ 
51 52 
Interestingly, this reaction also occurs when 51 is treated with 0.1 equivalent of 
trimethylsilyl chloride and 12 equivalents of potassium iodide in acetonitrile (see chapter 
5). Other dehydrating agents have been reported. For example Masuyama reported the 
dehydration of a,y-substituted propargylic alcohols using PdCl2(PPh3)2 and SnCl2 in 
l,3-dimethylimidazolin-2-one15 to form l,4-disubstituted(Z)-but-3-ene-l-ynes stereo- 
selectively. Melikyan reported the dehydration of hexacarbonyldicobalt protected 
propargylic alcohols using boron trifluoride-etherate, trifluoroacetic acid and 
13 
phosphorous (V) oxide.16 
2.2.1.3 Reductions to form Allyl Alcohols 
The acetylene-moiety in propargylic alcohols can be selectively reduced with 
preservation of the hydroxyl-group by reagents such as LiAIH4
17 or NaAlH2R2.
18 For 











2.2.1.4 Rearrangement to form Enones 
Propargylic Alcohols can be converted to enones with transition metal complexes 
such as IrH4(iPr3P)2
19 or Bu4NRe04. For example, treatment of alcohols 55 with 









2.3 The Reagent: Trimethylsilylchloride/Sodium Iodide/Acetonitrile 
Over the last thirty years the importance of organosilicon reagents has constantly 
increased and silylated synthons are now widely used and many new silicon reagents are 
constantly being developed. Silicon-oxygen bonds are strong, with bond energies 
between 90 and 110 kcal/mol. This makes it thermodynamically very favorable to use a 
14 
reagent with a weak Si-X-bond («105 kcal/mol for a silicon-chlorine bond21 and «76 
kcal/mol for a silicon-iodine bond)22 and react it with an appropriate oxygen-containing 
organic molecule to form a silicon-oxygen bonded intermediate which can then be 
transformed to another product in a subsequent step.23 One of these reagents is 
iodotrimethylsilane. The reagent described herein, a mixture of chlorotrimethylsilane and 
sodium iodide in acetonitrile was introduced as an alternative to iodotrimethylsilane24 for 
the cleavage of esters, lactones, carbamates and ethers.23 This reagent has also been 
successfully used for many other organic transformations including deoxygenation of 
sulfoxides to sulfides,26 dehalogenation of a-halo ketones,27 conversion of alcohols to 
iodides,24 reduction of benzylic alcohols28 and, with one equivalent of water, the 
formation of vinyl iodides from alkynes. Some reactions of this reagent are summarized 
in Scheme 4. As shown, most of these reactions involve cleavage of a carbon-oxygen 
bond. Those transformations will now be discussed in detail. 
2.3.1 Cleavage of Ethers, Esters and Lactones 
Ethers, esters and lactones can be readily cleaved in good yields with 
chlorotrimethylsilane/sodium iodide/acetonitrile. These reactions have been studied 
extensively by Olah.24 He proposes two possible mechanisms, one via cleavage by small 
amounts of HI formed through hydrolysis of trimethylsilyl iodide, the other via cleavage 
by iodotrimethylsilane. The former is proposed to be favored for the cleavage of esters, 






Several facts support these proposals: 
15 
• The cleavage of ethers is faster with chlorotrimethylsilane/sodium iodide/acetonitrile 
than with iodotrimethylsilane, while the cleavage of esters is faster with 
iodotrimethylsilane than with chlorotrimethylsilane/sodium iodide/acetonitrile. 
• The cleavage of ethers with iodotrimethylsilane is accelerated by addition of sodium 
iodide. This strongly suggests an ionic mechanism catalyzed by iodide ion. However, 
no such catalysis is observed in the case of esters, the cleavage of which consequently 
seems to proceed by a different mechanism under the reaction conditions. 
• The cleavage of esters proceeds at a slower rate in the presence of pyridine. 




2.3.2 Deoxygenation of Sulfoxides 
When sulfoxides are treated with chlorotrimethylsilane/sodium iodide in 
acetonitrile at room temperature sulfides are obtained in 80-90% yield in 10-20 minutes.26 
The reaction is exothermic and almost instantaneous for alkyl sulfoxides but takes about 
20 minutes for completion in the case of aryl sulfoxides. It is faster with 
chlorotrimethylsilane/sodium iodide/acetonitrile than with iodotrimethylsilane. This may 
be due to catalysis of the reaction by excess iodide ion. The mechanism of this reaction 
as proposed by Olah is shown in Scheme 5. 









T~ R’ R2 
-TM SO® 64 
He reports that iodide can be replaced with other “soft” bases such as cyanide- or 
sulfide anions with varying yields, the ease of the reaction depending not only on the 
nucleophilicity of the anion, but also on the ease of its oxidation.26 
2.3.3 Dehalogenation of a-Halo-Ketones 
Chlorotrimethylsilane/sodium iodide in acetonitrile solution can be employed 
effectively for the reduction of a-halo alkanones and a-halo cycloalkanones yielding the 
corresponding parent ketones in 80-94% yield.27 This transformation is thought to occur 
via the formation of a six-membered transition state 73 in which a silicon-oxygen and an 
iodine-halogen bond are formed simultaneously while a carbon-oxygen and a carbon- 
halogen bond are broken. 
17 
72 73 74 75 
2.3.4 Transformation of Alkynes to Vinyl Iodides 
Alkynes can be transformed to vinyl iodides with chlorotrimethylsilane/sodium 
iodide/acetonitrile in the presence of water. Both terminal and internal alkynes can be 
converted with complete cis-selectivity in a Markovnikov fashion. Ishii proposes the in 
situ formation of HI as the active reagent for the transformation.29 Using deuterated 
water the deuterated iodide 76a was obtained. 
R R3 TMS-CI, Nal 
)=< "  R—R3 
D I CH3CN, D20 
TMS-CI, Nal 
CH3CN, H2O 
R R 3 
76a 77 76 
2.3.5 Transformations of Alcohols 
When alcohols are reacted with chlorotrimethylsilane/sodium iodide in 
acetonitrile solution the corresponding iodides are obtained in high yields. Primary, 
secondary and tertiary as well as allylic and benzylic alcohols can be converted. Benzylic 
alcohols can also be converted to the corresponding alkanes using a two-phase system 
with hexanes and acetonitrile, excess chlorotrimethylsilane/sodium iodide and longer 
reaction temperatures. 
Sakai, who investigated this reduction, reported good results for secondary and 
tertiary benzylic alcohols while benzyl alcohol is selectively converted to benzyl iodide. 
This is probably due to the smaller stabilization of a primary ionic (or radical) 
18 
intermediate. He proposed a cationic intermediate, which is supported by the fact that 
optically active substrates are converted to racemic products. Even primary aliphatic 
alcohols and esters can be reduced to the corresponding alkane with 
chlorotrimethylsilane/sodium iodide in acetonitrile if the iodide intermediate is treated 
with zinc in acetic acid in a one-pot reaction.30 
TMS-CI, Nal 






The reactions of aryl-and diaryl alcohols with trimethylsilyl iodide were 
extensively studied by Stoner. The reaction was found to be clean and efficient for 
diaryl alcohols yielding the reduced hydrocarbons 81 in 62%-92% yield. Alcohols with 
electron-rich aryl-substituents gave higher yields than alcohols with electron-poor aryl- 
substituents. A number of monoaryl alcohols were subjected to the reaction conditions. 
The reaction was found to proceed to the reduced hydrocarbon 83 only in the case of 
extremely electron-rich thiophene 82, all benzylalcohol derivatives yielded the 
corresponding iodides. These results contradict the findings of Sakai who reported 









<04 R3 OH TMS-I CH3CN ■R3 
84 85 
The strong dependence of this reduction on the electronic effects of the 
substituents suggests a transition state with a cation-like character at the site of the 
reduction. The reaction seems to follow the mechanism illustrated in Scheme 6 that has 
been proposed by several researchers in the field.31 
Scheme 6. Mechanism of the Reduction of Alcohols with Trimethylsilyl Iodide 
86 
The reaction of alcohol 86 with 2 equivalents of TMS-I would result in the formation of 
the corresponding iodo-intermediate 88 which could be reduced by HI which is a product 
of this transformation. If this mechanism was followed, 2 equivalents of TMS-I should 
be sufficient for complete reduction. However, the yield of 89 was found to be greatly 
dependent on the equivalents of TMS-I used in excess of 2 equivalents (see Figure 1). 
20 
With less than 2 equivalents of TMS-I, the yield of 89 approaches 0%. Between 2 and 3 
equivalents of TMS-I the yield increases dramatically. A strong correlation between the 
equivalents of TMS-I used and the reaction time was also observed. 
These results suggest that the actual mechanism is more complicated than 
illustrated in Scheme 6. It may require the formation of complexes involving TMS-I. 
Figure 1. Reduction of Benzhydrol: Yield vs. equiv. of TMS-I 
Another interesting observation by Stoner is the fact that dimerizations can be a 
side reaction of the reduction of alcohols with trimethylsilyl chloride/sodium 
iodide/acetonitrile.31 For example, the reduction of furan substituted alcohol 90 yields 







The amount of dimer formed depends on the rate of addition, internal temperature 
and on the equivalents of trimethylsilyl chloride/sodium iodide used. A larger excess of 
reductant allows the reaction to proceed more quickly and decreases the amount of 
dimerized product. Slow addition of the alcohol and lower temperatures also decrease the 
amount of dimerized product. 
2.3.6 How does Trimethylsilylchloride/Sodium Iodide/Acetonitrile work? 
2,3.6.1 The Reactive Species 
When trimethylsilylchloride is added to an acetonitrile solution of anhydrous 
sodium iodide, a yellow colored solution (whose spectral characteristics are similar to 
24 
those of a solution obtained from iodotrimethylsilane and acetonitrile in acetone-dg) is 
obtained with immediate formation of a white precipitate of sodium chloride. Olah 
proposes the complex 92 being formed. The formation of this complex is supported by 
proton- and carbon NMR-data which shows identical shifts for the acetonitrile-signals 
and the trimethylsilyl-signals for iodotrimethylsilane/acetonitrile and chlorotrimethyl- 
silane/sodium iodide/acetonitrile in deuterated acetone. For example, in carbon-13 
24 
measurements a solution obtained from iodotrimethylsilane and acetonitrile gave three 
22 
signals at 118.3, 2.2 and 2.8 ppm due to nitrile carbon, methyl carbon of acetonitrile and 
methyl carbons of the silyl group, respectively. Similarly, a solution of 
chlorotrimethylsilane/sodium iodide and acetonitrile gave three signals at 118.5, 2.2 and 
2.7 ppm while authentic samples of iodotrimethylsilane, chlorotrimethylsilane and 
acetonitrile gave signals at 3.4, 4.1, 118.5 and 2.0 ppm, respectively. 
2.3.6.2 The Importance of the Solvent 
The use of a nitrile-solvent is essential for the transformations previously 
described. For example, Ishii reports the conversion of 4-octyne to 4-iodo-4-octene 
(mixture of regioisomers) with trimethylsilylchloride, water and sodium iodide with 97% 
yield in acetonitrile and 14%, 0.5% and 0.1% yield in THF, MeOH and DMF, 
respectively. Sakai reports the cleavage of a tetrahydro-4-pyrone ring with 
•i j 
trimethylsilyl chloride and sodium iodide with different results in different solvents. 
While the reaction of 93 in DMF gives ar-atlantone 94 in 70% yield, reaction in 
propionitrile also affords selective reduction of the double bond conjugated to the phenyl 
group to form ar-turmerone 95 in 68% yield. 
23 
Interestingly, Sakai, et al. reported less than 20% yield of 95 when acetonitrile 
was used as a solvent. In a later publication28 they report the formation of alkyl iodide 97 
which can be converted to 95 by treatment with K2CO3/THF. 
CHAPTER 3 
RESULTS AND DISCUSSION 
The reduction of propargylic alcohols 100 and 101 with 
trimethylsilylchloride/potassium iodide in acetonitrile/hexanes was extensively 
investigated. For this purpose, a series of silylated propargylic alcohols was prepared by 
addition of trimethylsilyl acetylene to the corresponding ketones. Non-silylated alcohols 
were obtained from the silylated species by deprotection of the silyl-group with potassium 
carbonate in methanol. The behavior of these alcohols when treated with 
trimethylsilylchloride/potassium iodide in acetonitrile will now be discussed. This 
discussion will be divided in three sections: the reaction of silylated propargylic alcohols, 
the reaction of other propargylic alcohols, and mechanistic experiments. 
3.1 Reactions of Silylated Propargylic Alcohols 
The reactions performed with silylated propargylic alcohols are summarized in Table 1. 
HO. SiMe3CI 
RJ £iMe3 R-, CH2SiMe3 
Rr^) = SiMe3 Kl >=»=< )=/ 
r2 100 CH3CN 
R2103 
H r2 104 
Table 1. Reduction of Propargylic Silanes 
Substrate Conditions % yield of 
103 




Ri , R2 = 
Fluorenyl 
wet acetonitrile, 




Substrate Conditions % yield of % yield of Comments 
103 104 
dry acetonitrile, 
stirred 15 hours 
<5 53 
wet acetonitrile, 
stirred 3 hours 
47 <5 
propionitrile, <5 67 Yield determined by NMR- 
stirred 15 hours integration 
100b: wet acetonitrile, <5 54 
Ri = R 2 = stirred 15 hours 
Phenyl 
dry acetonitrile, <5 46 1 mmol of water added 
stirred 16 hours after 15 hours 
dry acetonitrile, 
15 hours at 50 °C 
<5 <5 decomposition 
100c: dry acetonitrile, <5 82 
Ri = R 2 = stirred 72 hours 
4- 
Chlorophenyl 
100d: wet acetonitrile, <5 43 
Ri = Phenyl stirred 36 hours 
R 2 = Methyl 
dry acetonitrile, <5 56 1 mmol of water added 
stirred 17 hours after 15 hours 
dry acetonitrile, 
15 hours at 50 °C 
<5 <5 decomposition 
100e: dry acetonitrile, 43 <5 
Ri = Phenyl stirred 15 hours 
X










If T H * ifY SH 
100e: wet acetonitrile, 53 <5 
Ri = Naphtyl stirred 5 hours 
R 2 = H 
dry acetonitrile, 
stirred 15 hours 
78 <5 
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Thus, the reduction of propargylic alcohols 100 gave allylsilanes 104 as the major 
products with six equivalents of trimethylsilylchloride/potassium iodide in 
acetonitrile/hexanes at long reaction times provided the system is a tertiary system. The 
propargylic alcohols derived from fluorenone, benzophenone, o-dichlorobenzophenone 
and acetophenone could be converted to the corresponding allylsilanes 104 in good yields 
(54-90%). Traces of water appear to facilitate the reaction, although the results are not 
conclusive on this matter. Results improved when the acetonitrile was not thoroughly 
dried or when water was added prior to termination of the reaction. However, when 
water (2 mmol) was added at the beginning of the reaction of alcohol 100a, only traces of 
allylsilane 104a were observed. The allylsilanes could easily be identified by proton 
NMR; they exhibit a triplet (1H) in the vinylic region and a corresponding doublet (2H) 
in the aliphatic region. For example, allylsilane 104a exhibits a doublet (2H, j = 10Hz) at 
2.45 ppm and a triplet (1H, j = 10Hz) at 6.95 ppm. When the propargylic alcohol was 
derived from aromatic aldehydes lOOd and 100e, aliénés 103d and 103e were the major 
products. Aliénés were also isolated as the major products when the reduction of diaryl- 
substituted propargylic alcohols was run for shorter reaction times. When aliéné 103a 
was subjected to the reaction conditions, allylsilane 104a was obtained. These results 
strongly suggest that aliénés are intermediates in the formation of the allylsilanes. The 
formation of the aliénés could be pictured as proposed for aliéné 103a in Scheme 7. 
The mechanism of the reduction of the aliénés to the allylsilanes is not clear. In 
mechanistic studies neither acetonitrile, hexanes nor water upon quenching proved to be 
the hydrogen-donor (see 3.3). The reduction is therefore believed to occur through 
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complexes between trimethylsilyl iodide and acetonitrile with the hydrogen originating 
from the trimethylsilyl-methyl groups of trimethylsilyl iodide. These complexes have 
24 
been proposed by other authors (see 2.3.6), 
Scheme 7. Mechanism for the Formation of Aliénés 
Aliénés are easily recognized by their characteristic 13C NMR spectra, which 
exhibit a signal in the 200-210 ppm region for the internal aliéné carbon, and their ER- 
spectrum which shows a characteristic stretch in the region of 1910-1930 cm'1. For 
example, aliéné 103a has a signal at 205.6 ppm in the 13C NMR and a very intensive 
stretch at 1922 cm'1 in the IR. 
For alcohols derived from aliphatic aldehydes and ketones complex product 
mixtures were obtained. The alcohols derived from 2-furaldehyde and 1-indanone also 
gave complex mixtures. This strong dependence of the reaction on the substituents is not 
surprising. It is consistent with the findings of other researchers who investigated the 
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reduction of alcohols that are not propargylic31 (see also chapter 2). 
3.2 Reactions of Non Silylated Propargylic Alcohols 
The reactions performed with propargylic alcohols that do not bear a silyl-group 
are summarized in Table 2. As was the case with silylated propargylic alcohols, alcohols 
101 were expected to yield alkenes 108. 
Table 2. Reactions of Non Silylated Propargylic Alcohols 
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Interestingly, only alcohol 101c behaved as expected and yielded alkene 108c as 
the major product. Alcohol 101a produced dimer 107 under the reaction conditions and 
alcohol 102b yielded a mixture of fully and partly reduced compounds 108b and 109. 
This striking difference in behavior must be due to different electronic effects, while the 
formation of a carbocation is highly favored in case of 101b, it is less favored for 101c 
and highly disfavored in case of 101a since it gives rise to an antiaromatic structure. The 
structures of compounds 108b, 108c and 109 were confirmed by comparison with 
literature data. The structure of dimer 107 was confirmed by x-ray-data. The 
dimerization reaction will be discussed later. 
Scheme 8. Formation of 110 
Y 
© 
R = I, Me3SiOH 
Compound 110 is probably the result of a Friedel-Crafts-type electrophilic attack 
of a carbocation or an iodide-intermediate on one of the phenyl-groups 
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(trimethylsilylchloride/potassium iodide in acetonitrile is known to transform alcohols to 
iodides).29 Its formation could be pictured as proposed in Scheme 8. Steric 
considerations suggest that the triple bond be partly or fully reduced before the attack. 
Either trimethylsilyl iodide or iodine itself could act as a Lewis acid. It is not clear at what 
stage the double bond is fully reduced. The mechanism of the reduction is probably 
similar to the mechanism of reduction of the aliénés to allylsilanes. The structure of 110 
is supported by ]H NMR-data which shows two doublets with long range coupling 
characteristic for symmetrically ortho-substituted aromatics at 6.94 and 7.04 ppm and a 
single at 2.2 ppm corresponding to the methylene-groups, and by 13C NMR data which 
shows two signals in the aliphatic region at 31.7 and 52.2 ppm and seven signals in the 
aromatic region at 123.2; 125.3; 127.1; 128.1; 130.4; 139.6 and 145.1 ppm which 
accounts for a highly aromatic structure. High resolution-MS gives an (M+) signal at 
358.1902 (2.7865%) and a base peak at 330.1363 (100%) which accounts for the loss of 
ethylene from the ethylene-bridge. Preliminary x-ray data also supports the structure. 
3.3 Mechanistic Experiments 
One of the most intriguing questions of this reduction is "what is the source of 
hydrogen?". To determine the hydrogen-source, several experiments were conducted as 
summarized below. 
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no deuterium incorporated 
CH3CN, no hexane 
Several conclusions can be drawn from these experiments: 
• Hydrogen is not incorporated during quenching of the reaction (since no 
deuterium is incorporated when the reaction is quenched with D2O). 
• Neither acetonitrile nor hexanes are the hydrogen-source (since no deuterium is 
incorporated when the reaction is run in deuterated acetonitrile and the reaction 
proceeds without hexanes). 
• The reaction does not proceed in the presence of base (pyridine). With 6 
equivalents of pyridine the silyl ether 111 was formed at 92% yield. With 1 
equivalent of pyridine silyl ether 111 was formed at 10% yield (detennined by 
GC-integration) while 78% of alcohol 110a was recovered. This indicates that HI 
plays an important role in this reaction. No conclusions can be drawn as to what 
exactly that role is; "M^SiO" might not have the ability to perform as a leaving 
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group if it is not protonated. 
When only 1 equivalent of trimethylsilylchloride was used alcohol lOOd 
eliminated water to give 52. The reaction was carried out in a NMR-tube and the 
structure of 52 was determined by comparison of the proton NMR-signals with the 
signals of the authentic ene-yne prepared by dehydration of lOOd with POCI3. 
TMS-CI (1 eq), Kl, 
CH3CN, hexane 
100a 112 
When only 1 equivalent of trimethylsilyl chloride was used alcohol 100a 
dimerized to give 112 at 84% yield. A mechanism for this dimerization as well as the 
dimerization of alcohol 101a will now be proposed. The dimerizations could be initiated 
by the formation of anions 115 and 116 formed as mesomeric structures as pictured in 
Scheme 9. 
Scheme 9. Mechanism of the Anion Formation 
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Both anions can attack the protonated silyl ether of the parent alcohol or its iodo- 
equivalent in an S^'-fashion. 
R = I, Me3SiOH 
If R equals H, attack of 116 is favored to yield bis-allene 117, which is then 
further reduced. When R equals bulky trimethylsilyl, attack of 115 is favored to yield 
yne-allene 112. 
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R = I, Me3SiOH 
The structure of 112 is supported by 'H NMR which shows a ratio of 8H: 9H for 
aromatic protons: trimethylsilyl protons in the integration, by 13C NMR which shows the 
characteristic aliéné- and acetylene-signals at 205.1, 111.6; 105.4; 105.3; and 87.4 ppm 
and by IR which shows the characteristic aliéné- and acetylene-stretches at 1920 and 2170 
CHAPTER 4 
CONCLUSIONS 
A new method for the preparation of allylsilanes and silylallenes from propargylic 
alcohols has been developed. The propargylic alcohols were synthesized in one step by 
the reaction of ketones with trimethylsilyl acetylene. Treatment of these propargylic 
alcohols with the mild and environmentally friendly reagent system chlorotrimethylsilane, 
potassium iodide and acetonitrile then afforded the desired products. Allylsilanes and 
silylallenes could be synthesized, depending on the reaction conditions. At longer 
reaction times allylsilanes were formed, while at shorter reaction times silylallenes could 
be isolated. 
The allylsilanes could be prepared in good yields (54-90%) from the propargylic 
alcohols derived from fluorenone, benzophenone, o-dichloro-benzophenone and 
acetophenone. Only tertiary alcohols with at least one aromatic substituent reacted to 
provide allylsilane products, and the reaction of propargylic alcohols derived from either 
aldehydes or aliphatic ketones did not yield significant amounts of allylsilanes. 
Aliénés were isolated as the major products when the reduction of tertiary 
propargylic alcohols was run for shorter reaction times, and it was shown that aliénés are 
intermediates in the formation of the allylsilanes. The reaction of propargylic alcohols 
that were derived from aromatic aldehydes also yielded aliénés as the major products, 
even at long reaction times. The aliénés could be isolated in moderate to good yields 
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(42% to 78%). 
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Various experiments were conducted to determine the mechanism of the reaction. 
It was found that the addition of base inhibits the reaction. This suggests that HI, formed 
by reaction of trimethylsilyl iodide with trace water, plays a role in the reaction 
mechanism. Six equivalents of reagent were needed to obtain good yields of allylsilane 
product, and if less reagent was used dimerizations occurred. 
To determine the source of hydrogen in the reduction of the aliénés to allylsilanes, 
a series of experiments was run. It could be shown that hydrogen is not incorporated 
during quenching of the reaction and that neither acetonitrile nor hexanes is the hydrogen- 
source for the reduction. However, the source of hydrogen is still not clear. The most 
likely source is the methyl groups on the trimethylsilyl chloride. 
The reaction of various non-silylated propargylic alcohols with chloro- 
trimethylsilane, potassium iodide and acetonitrile was also investigated. Interestingly, the 
expected alkene products were only obtained with two of the diaryl-substrates. Again, 
dimerization was found to be an alternate reaction pathway that is dependent on the 
electronic nature of the substituents on the propargylic alcohol. Reduction to form the 
corresponding alkane was another side reaction. 
In summary, the developed method is effective for the preparation of aryl- 
substituted allylsilanes and for the preparation of mono- and diaryl substituted silylallenes 
from propargylic alcohols. The reactions are high yielding, easy to perform and proceed 




Melting points are uncorrected and were obtained using a Gallenkamp melting 
point apparatus. Infrared spectra were recorded on a Nicolet 510 FT-IR spectrometer. 
Proton NMR spectra were recorded in CDCI3 using a 400 MHz Bruker FT-NMR 
spectrometer. Carbon 13 NMR spectra were recorded in CDCI3 using a 100 MHz Bruker 
FT-NMR spectrometer. Proton NMR-signals were calibrated using internal CHCI3 (5 = 
7.26 ppm) or tetramethylsilane (8 = 0.00 ppm) as a standard. Carbon 13 NMR-signals 
were calibrated using the center peak of the CDCl3-signal (8 = 77.0 ppm). Mass spectral 
data was obtained using a Hewlett Packard GC-MS spectrometer, Model HP 5890 at 70 
eV. Elemental analyses were performed by Atlantic Microlab Incorporated, Atlanta, GA. 
Chromatographic separations were done via Flash Column Chromatography using silica 
gel (60-200 mesh), neutral aluminum oxide or florisil, or by preparative thin layer 
chromatography. Chemical reagents and solvents were purchased from Aldrich Chemical 
Company or from Fisher Scientific. 
5.2 Purification of Reagents 
All reagents not mentioned in this section were used as obtained from Aldrich 




Tetrahydrofuran (THF) was dried by refluxing with 
sodium/benzophenone until appearance of a dark blue color and 
then distilling from the sodium/benzophenone immediately before 
use. 
Acetonitrile: Acetonitrile was dried by distilling from calcium hydride. 
Hexanes: Hexanes were dried by distilling from calcium hydride. 
Toluene: Toluene was dried by distilling from calcium hydride. 
Benzaldehyde: Benzaldehyde was purified by distilling from magnesium sulfate. 
2-Furaldehyde: 2-Furaldehyde was purified by distilling from magnesium sulfate. 
5.3 Propargylic Alcohols 
5.3.1 Preparation of Silylpropargyl Alcohols 100a-j 
A 250 mL round bottom flask equipped with a magnetic stirrer was charged with 
dry tetrahydrofuran (70 mL) under a nitrogen atmosphere. It was cooled to -78 °C by 
means of an external dry ice/acetone bath and trimethylsilyl acetylene (1.2 eq) was added 
via syringe. To this mixture 1.1 eq of a 2 mol/L solution of butyllithium in hexanes were 
added slowly via syringe. After the addition has been completed, the reaction was stirred 
at -78° for 30 minutes and then a solution of the aldehyde or ketone in dry tetrahydrofuran 
was added dropwise via syringe. The reaction was allowed to warm to room temperature, 
stirred for one hour at room temperature and then quenched with water (100 mL). The 
product was extracted from the aqueous layer with several portions of ether; the organic 
layers were combined, washed with an additional 50 mL of water and dried over 
magnesium sulfate. After filtration, the solvents were removed on a rotatory evaporator. 
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The alcohols were used as obtained after evaporation of the solvents (92-100% 
pure by GC).(a)1 Reactions were carried out on a scale of 2-20 mmol of aldehyde or 
ketone. 
5.3.2 Physical Constants and Spectral Data for Silylpropargyl Alcohols 100a-j 
9-Trimethylsilanylethynyl-9H-fluoren-9-ol 100a: Was obtained as a pale 
yellow solid in quantitative yield, MP = 126°C, 1H NMR: 8 = 0.19 (s, 9H); 2.60 (bs, 
1H); 7.35 (t, 2H, j = 7.5Hz, 1.5Hz); 7.4 (t, 2H, j = 7.5Hz, 1.5Hz); 7.6 (d,2H, j = 7.5Hz); 
7.7 (d, 2H, j = 7.5Hz, 1.5Hz) ppm; 13c NMR 5= -0.1; 75.0; 88.2; 120.1; 124.3; 128.5; 
129.6; 139.1; 147.0 ppm; IR (neat, cm'1): 3493; 3065; 2954; 2151; 1453; LRMS: 
278(M+); 263(100%); 202; Elemental Analysis: C(calculated) 77.65; C(found) 77.64; 
H(calculated) 6.52; H(found) 6.54. 
1.1- Diphenyl-3-trimethylsilanyl-prop-2-yn-l-ol 100b: 41 Was obtained as a 
colorless oil in quantitative yield, *H NMR: 8 = 0.22 (s, 9H); 2.86 (s, 1H); 7.20 (t, 2H, j = 
7.3Hz); 7.28 (t, 4H, j = 7.3Hz); 7.58 (d, 4H, j = 7.3Hz) ppm; ,3C NMR: 8 = -0.2; 74.6; 
91.9; 107.9; 126.0; 127.6; 128.1 ppm; IR(neat, cm'1): 3450(broad); 2963; 2170; LRMS: 
280(M+); 190; 73(100%). 
1.1- Bis-(4-chloro-phenyl)-3-trimethylsilanyl-prop-2-yn-l-ol 100c: Was obtained 
as a white solid in quantitative yield, mp = 122 °C, *H NMR: 8= 0.31 (s, 9H); 3.58 (s, 
1H); 7.32 (d, 4H, j = 8.5Hz); 7.57 (d, 4H, j = 8.5Hz) ppm; ,3C NMR: 8= 0.3; 73.7; 92.9. 
106.7; 127.4; 128.5; 133.7; 143.0 ppm; IR(neat, cm'1): 3432(broad); 2961; 2168; 1902; 
1 (a) with exception of alcohol lOOh, which was stirred for 15 hours and obtained in 80% 
yield after Column Chromatography. 
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LRMS: 348(M+); 258; 73(100%); Elemental Analysis: C(calculated) 61.89; C(found) 
61.76; H(calculated) 5.19; H(found) 5.26. 
2-Phenyl-4-trimethylsilanyl-but-2-yn-l-ol lOOd: Was obtained as a white solid in 
quantitative yield, mp = 130 °C, *H NMR: 8 = 0.05 (s, 9H); 1.58 (s, 3H); 2.86 (bs, 1H); 
7.10 (t, 1H, j = 7.5Hz); 7.17 (t, 2H, j = 7.5Hz); 7.48 (d, 2H, j = 7.5Hz) ppm; 13C NMR: 
8= -0.1; 33.3; 70.1; 89.1; 108.9; 124.9; 127.5; 128.1; 148.4 ppm; lR(neat, cm'1): 
3391 (broad); 2962; 2172; LRMS: 217(M-1); 203(100%); 128. 
l-Phenyl-3-trimethylsilanyl-prop-2-yn-l-ol 100e: Was obtained as a colorless 
oil in quantitative yield, *H NMR: 8= -0.15 (s, 9H); 3.41 (bs, 1H); 5.08 (s, 1H); 6.93 (t, 
1H, j = 7.5); 6.99 (t, 2H, j = 7.5); 7.18 (d, 2H, j - 7.5) ppm; I3C NMR: 8 = 0.5; 65.3; 
91.5; 105.1; 127.2; 128.9; 129.1; 140.4 ppm; IR(neat, cm'1): 3388(broad); 2960; 2177; 
LRMS: 204(M+); 161; 114(100%). 
l-Naphtalen-l-yl-3-trimethylsilanyl-prop-2-yn-l-ol lOOf: Was obtained as a 
yellowish oil in quantitative yield, NMR: 8 = 0.20 (s, 9H); 2.56 (bs, 1H); 6.04 (s, 1H); 
7.36-7.539(m, 3H); 7.73-7.84 (m, 3H); 8.23 (d, 1H, j = 8.4) ppm; 13C NMR: 8 = 0.2; 
63.1; 104.9; 124.0; 124.6; 125.1; 125.8; 126.2; 128.6; 129.3; 130.6; 135.4 ppm; IR(neat, 
cm'1): 3388(broad); 3059; 2960; 2177; LRMS: 254(M+); 129; 73(100%). 
l-Furan-2-yl-3-trimethylsilanyl-prop-2-yn-l-ol 100g:33 Was obtained as a 
yellowish oil in quantitative yield, 'H NMR: 8 = 0.20 (s, 9H); 2.67 (bs, 1H); 5.44 (s, 
1H); 6.34 (m, 1H, j = 1.5Hz); 6.44 (s, 1H); 7.4 (m, 1H) ppm; 13C NMR: 8 = 0.3; 58.4; 
90.8; 102.4; 107.8; 110.3; 143.2; 152.8 ppm; IR(neat, cm'1): 3400(broad); 2966; 2183; 
2124; LRMS: 194(M+); 179; 99(100%). 
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1-Trimethylsilylethynyl-indan-l-ol lOOh: Was obtained as a white solid in 80% 
yield after column chromatography, mp = 71 °C, NMR: 5 = 0.18 (s, 9H); 2.35-2.42 (m, 
1H); 2.45-2.54 (m, 1H); 2.53 (bs, 1H); 2.80-2.89 (bs, 1H); 3.02-3.12 (m, 1H); 7.18-7.28 
(m, 3H); 7.48 (d, 1H, j = 7Hz) ppm; ,3C NMR: 0= 0.0; 29.5; 76.4; 88.9; 107.5; 123.2; 
124.8; 126.9; 128.8; 143.1; 145.6; IR(neat, cm'1): 3368(broad); 2954; 2170; LRMS: 
229(M-1); 215(100%); 141; Elemental Analysis: C(calculated) 72.99; C(found) 72.74; 
H(calculated) 7.88; H(found) 7.84. 
1-Trimethylsilylethynyl-cyclohexanol lOOi: Was obtained as a white solid in 
quantitative yield, mp = 85°C, NMR: 0= 0.16 (s, 9H); 1.22 (bs, 1H); 1.47-1.6(m, 
5H); 1.61-1, 75 (m, 2H); 1.79-3.03 (m, 3H) ppm; 13C NMR: 5= -0.1; 23.3; 25.2; 39.9; 
68.9; 88.3; 109.7 ppm; IR(neat, cm'1): 3270(broad); 2930; 2170; LRMS: 196(M+); 181; 
75(100%) 
l-Trimethylsilylethynyl-cyclohex-2-enol lOOj: Was obtained as a white solid in 
quantitative yield, mp = 52°C, 'H NMR: 8 = 0.14 (s, 9H); 1.64-2.5 (m, 7H); 5.71 (d, 1H, 
j = 10Hz); 5.76-5.82 (m, 1H) ppm; ,3C NMR: 5 - 0.3; 19.4; 25.0; 38.1; 65.7; 87.9; 109.7; 
130.0; 130.9 ppm; IR(neat, cm'1): 3388(broad); 2960; 2157; LRMS: 193(M-1); 179; 
75(100%); Elemental Analysis: C(calculated) 68.98; C(found) 68.47; H(calculated) 
9.34; H(found) 9.25. 
4,4-Trimethyl-l-trimethylsilanyl-pent-l-yn-3-ol 100k:34 Was obtained as a white 
solid in quantitative yield, mp = 47 °C, 'H NMR: 5 = 0.1 (s, 9H); 380.5 (s, 9H); 2.56 (bs, 
1H); 3.9 (s; 1H) ppm; 13C NMR: 5 = 0.48; 25.85; 35.8; 71.7; 89.9; 105.8 ppm; IR(neat, 
cm'1): 3395(broad); 2960; 2177; LRMS: 183(M-1); 128(100%); 75; Elemental 
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Analysis: C(calculated) 65.15; C(found) 65.05; H(calculated) 10.94; H(found) 10.97. 
5.3.3 Preparation of Propargylic Alcohols 101a,b,c 
A 100 mL round bottom flask equipped with a mechanical stirrer was charged 
with a solution of alcohol 100 (5 mmol) in methanol (50 mL). It was cooled to 0 °C by 
means of an external ice bath. Catalytic amounts of solid potassium carbonate were 
added. The reaction was allowed to warm to room temperature, stirred for 30 minutes at 
room temperature and then quenched with water (30 mL). The product was extracted 
from the aqueous layer with several portions of ether; the organic layers were combined, 
washed with an additional 50 mL of water and dried over magnesium sulfate. After 
filtration the solvents were removed on a rotatory evaporator. 
Alcohols 101 were used as obtained after evaporation of the solvents (94-98% 
pure by GC). 
5.3.4 Physical Constants and Spectral Data for Alcohols 101 
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9-Ethynyl-9H-fluoren-9-ol 101a: Was obtained as a slightly yellow solid, 
mp=120°C, ’H NMR: 5 = 2.40 (s ,1H); 2.80 (bs,lH); 7.28 (t, 2H, j = 7.5Hz); 7.34 (t, 2H, 
j - 7.5Hz); 7.54 (d, 2H, j = 7.5); 7.64 (d, 2H, j - 7.5) ppm; ,3C NMR: 8= 71.3; 74.4; 
83.8; 120.1; 124.2; 128.5; 129.7; 139.0; 146.5 ppm; IR(neat, cm'1): 3342(broad); 3296; 
3065; 2124(weak); LRMS: 206(M+); 189; 178(100%). 
l,l-Diphenyl-prop-2-yn-l-ol /07b:37 Was obtained as a colorless oil, quantitative 
yield, ’H NMR: 8= 2.90 (s ,1H); 3.09 (bs, 1H); 7.33 (t, 2H, j = 7.5Hz); 7.40 (t, 4H, j = 
7.5Hz); 7.68 (d, 4H, j = 7.5) ppm; 13C NMR: 8 = 74.2; 75.5; 86.4; 125.9; 127.7; 128.2; 
144.4 ppm; IR(neat, cm'1): 3549; 3435(broad); 3287; 3058; 2123; 1961; LRMS: 
208(M+); 131; 53(100%). 
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l,l-Di-(4-chloro)-phenyl-prop-2-yn-l-ol 101b:31 Was obtained as a colorless oil 
in quantitative yield, *H NMR: 5= 2.92 (s, 1H); 3.40 (s, 1H); 7.32 (d, 4H, j = 8.5Hz); 
7.53(d, 4H, j =8.5 Hz) ppm; 13C NMR: 5=73.3; 76.2; 85.3; 127.3; 128.4; 133.8; 142.4 
ppm; IR(neat, cm'1): 3566; 3414(broad); 3296; 3065; 2124; 1914; LRMS: 276(M+); 241; 
53(100%). 
1,1,4,4,-tetraphenylbut-2-yn-l,4-diol 102: Alcohol 102 was received from a co¬ 
worker who obtained it as a side-product when reacting benzophenone with sodium 
acetylide. Was obtained as a white solid, mp = 208°C, ’H NMR: 5 = 2.86 (bs, 2H); 7.23- 
7.34 (m, 12H); 7.59 (d, 8H, j = 7.2Hz) ppm; ,3C NMR: 5= 74.6; 90.0; 126.0; 127.8; 
128.3; 128.5; 144.7 ppm; IR(neat, cm'1): 3526(broad); 3026; 1490. 
5.4 Reactions of Propargylic Alcohols 
5.4.1 Standard Procedure 
A 50 mL 2-necked flask was equipped with potassium iodide (1 g, 6 mmol) and 
acetonitrile (2 mL) in a nitrogen atmosphere. Trimethylsilyl chloride (0.8 mL, 6 mmol) 
was added slowly via syringe. After a few seconds the formation of a white precipitate 
can be observed. The alcohol (1 mmol) was dissolved in hexanes and the solution was 
slowly added to the mixture. If the alcohol was not soluble in hexanes, more acetonitrile 
can be used. The mixture was stirred at room temperature, monitored by TLC, and after 
completion quenched with water, extracted with ether, and washed successively with 
several portions of water (20 mL), 0.1 molar thiosulfate solution (10 mL) and water (20 
mL). If the reaction was quenched directly with thiosulfate solution, formation of sulfur 
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can be a problem. The organic layer was dried over magnesium sulfate, filtered, and the 
solvents were removed on a rotatory evaporator. Purifications were carried out via flash 
column chromatography using silica gel (60-200 mesh), neutral aluminum oxide or 
florisil; or by preparative thin layer chromatography (silica gel on glass). 
5.4.2 Physical Constants and Spectral Data of Aliénés 103 
(2-Fluoren-9-ylenidene-vinyl)-trimethyl-silane 103a: Was obtained as a yellow 
oil in 47% yield following the standard procedure for 15 hours using wet acetonitrile, 
purified by column chromatography (florisil/hexanes). 'H NMR: 5 = 0.25 (s, 9H); 6.03 
(d, 1H); 7.28-7.39 (m, 4H); 7.59 (d ,2H, j =7.5 Hz); 7.80 (d, 2H, j =7.5 Hz) ppm; ,3C 
NMR: 8= -0.4; 91.4; 100.3; 120.0; 122.1; 126.7; 137.4; 138.7; 205.6 ppm; IR(neat, cm' 
'): 3057; 2953; 2115; 1922; LRMS: 262(M+); 189; 73(100%). 
Trimethyl-(3-phenyl-propa-l,2-dienyl)-silane 103d: Was obtained as a pale 
yellow oil in 43% yield following the standard procedure for 15 hours using dry 
acetonitrile, purified by column chromatography (silica gel/hexanes). 'H NMR: 8 = 0.32 
(s, 9H); 5.56 (d, 1H, j =7Hz); 6.01 (d, 1H, j = 7Hz); 7.28-7.48 (m, 5H) ppm; ,3C NMR: 
8 =-0.7; 86.9; 87.9; 125.9; 128.0; 128.5; 136.0; 210.2 ppm; IR(neat, cm'1): 3032; 2960; 
1927; 1604; LRMS: 188(M+); 115; 73(100%). 
Trimethyl-(3-naphtalen-2-yl-propa-l,2-dienyl)-silane 103e: Was obtained as a 
slightly yellow oil in 78% yield following the standard procedure for 15 hours using dry 
acetonitrile, purified by column chromatography (silica gel/hexanes). 'H NMR: 8 = 0.2 
(s, 9H); 5.46 (d, 1H, j = 7Hz); 6.56 (d, 1H, j = 7Hz); 7.39-7.56 (m, 4H); 7.68 (d, 1H, j = 
8.5Hz); 7.82 (d, 1H, j = 8.5Hz); 8.19 (d, 1H, j = 8.5Hz) ppm; ,3C NMR: 8 = -0.8; 84.1; 
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85.8; 123.6; 124.2; 125.6; 125.7; 126.5; 128.6; 14.0 ppm; IR(neat, cm'1): 3043; 2957; 
1925; LRMS: 238(M+); 165; 73(100%). 
5.4.3 Physical Constants and Spectral Data for Allylsilanes 104 
(2-Fluoren-9-ylenidene-ethyl)-trimethyl-silane 104a: Was obtained as a yellow 
oil in 90% yield following the standard procedure for 15 hours using wet acetonitrile, 
purified by column chromatography (florisil/hexanes). ’H NMR: 5 = 0.16 (S, 9H); 2.45 
(d, 2H, j = 10Hz); 6.95 (t,lH, j = 10Hz); 7.28-7.41 (m, 4H); 7.68 (d, 1H, j = 7Hz); 7.75 
(d, 1H, j = 7Hz); 7.81 (d, 1H, j = 7Hz); 7.93 (d, 1H, j - 7Hz) ppm; ,3C NMR: 5 = -1.2; 
119.1; 119.4; 119.7; 124.4; 126.5; 126.6; 129.4; 132.8; 137, 8 137.9; 139.8; 140.5 ppm; 
IR(neat, cm'1): 3065; 2960; 1925; 1642; LRMS: 264(M+); 189; 73(100%); HRMS: 
calculated: 264.133421 found: 264.1334292. 
(3,3 Diphenyl-allyl)-trimethyl-silane i0¥b:38 Was obtained as a colorless oil 
following the standard procedure for 120 hours using dry acetonitrile and adding 4 mL of 
1,4-cyclohexadiene after 72 hours, purified by column chromatography (silica 
gel/hexanes). 'H NMR: S = 0.00 (s, 9H); 1.63 (d, 2H, j = 9Hz); 6.16 (t, 1H, j = 9Hz); 
7.15-7.38(m, 10H) ppm; ,3C NMR: 8= -1.5; 126.3; 126.4; 126.5; 126.9; 128.0; 128.2; 
130.3; 139.6; 140.5; 143.4 ppm; IR(neat, cm'1): 3052; 3026; 2960; 1670; LRMS: 
266(M+); 115; 73(100%). 
\3,3-Bis-(4-chloro-phenyl)-ally\\-trimethyl-silane 104c: Was obtained as a 
colorless oil in 82% yield following the standard procedure for 72 hours using dry 
acetonitrile. Purified by column chromatography (silica gel/hexanes). *H NMR: 8 = 
0.00(s, 9H); 1.62 (d, 2H, j = 9Hz); 6.15 (t,M, j = 9Hz); 7.04-7.11 (m, 4H); 7.21 (d, 2H, j 
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= 8Hz); 7.35 (d, 2H, j - 8Hz) ppm; ,3C NMR: 8 = -1.5; 21.3; 127.8; 128.0; 128.3; 128.6; 
131.6; 132.3; 132.7; 137.4; 138.4; 141.4 ppm; IR(neat, cm'1): 2960; 1907(weak); 
1624(weak); 1493 LRMS: 334(M+); 191; 73(100%); HRMS: calculated: 334.0711272 
found: 334.0711347. 
3-Phenyl-but-2-enyl-silane 104d:39 Was obtained as a colorless oil in 73% yield 
following the standard procedure for 17 hours using dry acetonitrile and adding 1 mmol 
of water after 15 hours, purified by column chromatography (silica gel/hexanes). 'H 
NMR: 5= 0.06 (s, 9H); 1.67 (d, 2H, j = 9Hz); 5.88(t, 1H, j = 9Hz); 7.19 (t, 1H, j = 7Hz); 
7.30(t, 2H, j = 7Hz); 7.37 (d, 2H, j = 7Hz) ppm; ,3C NMR: 8 = -1.5; 29.7; 126.3; 126.5; 
126.9; 128.0; 128.2; 130.3 ppm; IR(neat, cm'1): 2921; 1742(weak); 1650(weak); LRMS: 
204(M+); 203(100%); 128. 
5.4.4 1 -Phenyl-2-iodo-propene 105 and 1 -Phenyl-1,2-diiodopropene 106 
l-Phenyl-2-iodo-propene 10540 and 1 -Phenyl-1,2-diiodopropene 106: Were 
obtained as a colorless oil (mixture) that turns red upon standing and was not purified. 
Obtained following the standard procedure for 1 week using dry acetonitrile. 
105: LRMS: 244(M+); 117(100%); 91 
106: LRMS: 370(M+); 116(100%); 115 
5.4.5 Reductions of Non Silylated Propargylic Alcohols 
The same standard procedure as used for the silylated propargylic alcohols was 
followed. All reactions were run for 48 hours in dry acetonitrile. 
l,4-Di-fluorenylidene-2-butene 107: Was obtained as a red solid in 92% yield, 
mp = 339 °C, ’H NMR: 8 = 7.27-7.42 (m, 4H); 7.43 (d, 1H, j = 8Hz); 7.68-7.85 (m, 4H); 
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8.09 (d, 1H, j - 6.5Hz) ppm; 13C NMR 8= 119.8; 120.1; 120.5; 125.4; 126.6; 
127.0; 127.1 ; 128.3; 128.4; 134.5;137.1; 139.3; 141.2 ppm; IR(neat, cm'1): 2960;2927; 
2850;1723; HRMS: calculated: 380.156492 found:380.156501 
1.1- Diphenylpropene 108a36 and 1,1-Diphenylpropane 109: Was obtained as a 
colorless oil (mixture, ratio of 37:63 by GC-Integration), not purified, obtained following 
the standard procedure, mixture: : 'H NMR: 8= 0.94 (t, j = 7Hz); 1.84 (d, j = 7Hz); 
2.15(m); 6.21 (q,j = 7Hz); 7.15-7.46 (m) ppm; 
108a: GCMS: 194(M+); 167(100%); 115; 
109: GCMS: 196(M+); 167(100%); 91 
36 
1.1- Di-(4-chloro)-phenyl-propene 108b: Was obtained as a bright yellow solid 
in 63% yield following the standard procedure. Purified by column chromatography 
(silica gel/hexanes). *H NMR: 8= 1.64 (d, 3H, j = 7Hz); 6.04 (q, 1H, j = 7Hz); 7.95-7.00 
(m, 4H); 7.11 (d, 2H,j = 9Hz); 7.24 (d, 2H,j = 9Hz); ,3C NMR: 8 = 16.1; 125.7; 128.7; 
128.8, 128.9; 129.0; 129.1; 129.2; 129.5; 131.7; 132.2. 
9,10-Diphenyl-9,l0-dihydro-9,l0-ethano-anthracen 110: 'H NMR: 8 = 2.20 (s, 
4H); 6.89-6.96 (m, 4H); 7.00-7.07 (m, 4H); 7.48 (t, 2H, j = 7Hz); 7.59 (t, 4H, j = 7Hz); 
7.65 (d, 4H, j = 7Hz) ppm; ,3C NMR: 8 = 31.7; 52.2; 123.2; 125.3; 127.1; 128.1; 130.4; 
139.6; 145.1 ppm; IR(neat, cm"1): 3065; 2973; 1600; 1460 LRMS: 358.1902(M+) 
(2.7865%); 331.1470(27.3248%); 330.1363(100%); 252.1057(29.2290%) Elemental 
Analysis: C(calculated) 93.81 C(found) 93.56 H(calculated) 6.19 H(found) 6.14. 
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5.4.6 Reaction Products Obtained from Controlled Reduction Procedures 
The same standard procedures as used for the silylated propargylic alcohols were 
followed. All reactions were run for 24 hours in dry acetonitrile on a 1 mmol scale. 
9-trim.ethylsilanylethynyl-9-trimethylsilanoxy-9H-fluorene 111: Was obtained 
as a slightly yellow solid in 92% yield following the standard procedure for 24 hours 
using dry acetonitrile. Before addition of alcohol 101a to the reaction mixture, 6 
equivalents of pyridine were added via syringe. The crude product was recrystallized 
from hexanes. 'H NMR: 8 = 0.11 (s, 9H); 0.18 (s, 9H); 7.31-7.42 (m, 4H); 6.61 (d, 2H,j 
= 8Hz); 7.67 (d, 2H, j = 8Hz) ppm; 13C NMR: 5= 0.0; 1.9; 75.0; 88.0; 106.6; 119.9; 
124.8; 128.2; 129.1; 139.1; 148.1 ppm; IR(neat, cm'1): 3072; 2960; 2894; 2164; LRMS: 
250(M+); 277(100%); 73. 
l-(9-Trimethylsilanylethynyl-9H-fluorenyl-2-fluoren-9-ylenidene-vinyl)- 
trimethyl-silane 112: Was obtained as a slightly yellow solid in 84% yield, m.p.=220 °C, 
following the standard procedure for 24 hours using dry acetonitrile, 1 equivalent of 
trimethylsilyl chloride and 6 equivalents of potassium iodide. Purified by 
recrystallization in methylene chloride. ’H NMR: 8 = -0.40 (s, 18H); 7.38-7.45 (m, 4H); 
7.45-7.51 (m, 4H); 7.73-7.83 (m, 4H); 7.83-7.89 (m, 4H) ppm; 13C NMR: 8 = -0.7; -0.1 ; 
54.1; 87.4; 105.3; 105.4; 111.5; 120.1; 120.2; 122.2; 125.6; 126.8; 127.0; 128.2; 128.6; 
138.0; 138.8; 140.4; 147.4; 205.1 ppm; IR(neat, cm'1) 3065; 2960; 2894; 2170; 1920; 
Elemental Analysis: C(calculated) 82.7; C(found) 82.0; H(calculated) 6.55; H(found) 
6.58 
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